Elias
. Recent work has for the most part supported the idea that the function of extrafloral nectaries is to attract insects, especially ants, which defend the plant from herbivores. Elias' morphological work on Pithecellobium macradenium (Leguminosae) (1972) and Turnera ulmifolia (Turneraceae) (Elias et al., 1975) indicated that the extrafloral nectaries of these two plants are very complex structures with nectar production cycles correlated with the times herbivores are expected to be the most active, which would support their role in an ant-plant association. Elias and Gelband (1975) also found that the four extrafloral nectary systems of Campsis radicans (Bignoniaceae) are responsible for attracting ants and that in the presence of abundant ants, there is a decrease in the frequency of flower robbing.2 Bentley (1976) found that a significant amount of the variance in the percentage of buds that matured on Bixa oreliana (Bixaceae) was explained by a linear regression of the abundance of ants at the site. She (1977) also showed that when artificial extrafloral nectaries were created on common bean seedlings (Phaseolus vulgaris), by placing karo syrup on the leaves, the treated plants weighed significantly more at the end of the experiment than did the control plants in the rainy season. On the other hand, Lukefahr and others (1960; 1965; have shown that strains of nectariless cotton, derived from crosses of Gossypium tomentosum, had significantly lower infestations of a number of important pest species, under a range of field and cage conditions, than did extrafloral nectary-bearing cotton strains.
In this paper observations and experiments on the extrafloral nectaries of Ipomoea carnea Jacq. (Convolvulaceae) in Costa Rica are reported 2Van der Pijl (1954) Ipomoea carnea was chosen for study because of the abundant nectar it produced. It was thought that the function of nectaries would be more easily demonstrated in a plant which produced copious quantities of nectar. In addition, 1. carnea was abundant near the Palo Verde field station and consequently more accessible than many other extrafloral nectar producing plants. The function of floral nectaries is well established to be part of the process of pollination, so the activity of the floral nectaries of I. carnea will not be considered here. However, it should be pointed out that although the plant is a melittophilous obligate outcrosser (Keeler, 1975a, b) , the flower-visiting insects are entirely different from the insects which visit the extrafloral nectaries.
The chemical constitutents of the nectars were determined by Irene Baker using spot tests and chromatography (Keeler, 1975b RESULTs-Extrafloral nectaries-The petiolar extrafloral nectaries are functionally mature before the lamina mature (Fig. 1 ). First nectar is observed when the leaf is about 4 cm long and nearly ready to unfold. The nectaries continue to produce nectar as the leaf expands to its mature size (roughly cordate, about 15 cm at its greatest length and width). The nectaries function for a few days after full size is attained and then gradually become inactive. Their total activity lasts from two to three weeks, and the rate of nectar production is about 0.2 1l per leaf per day.
Pedicellar extrafloral nectaries develop with the flower buds (Fig. 2) . They begin secreting nectar when the buds first separate from the cluster. Production continues at an average rate of about 0.2 ,d per flower per day throughout the period of development of the bud, opening of the flower, and until the capsule is dry and ready to dehisce. This process takes four to six weeks.
Nectar is produced by night as well as by day in both petiolar and pedicellar nectaries. No changes in rate were detected. However, the rate of production per nectary is low enough to make accurate measurements difficult and it is being further investigated.
Although no daily changes in extrafloral nectar production were detected, there was great seasonal variation. Plants produced much more nectar in the dry season than in the rainy season. Although the rate of nectar production on buds, flowers and fruits was found to be about the same as on the leaves (about 0.2 1I per day), a branch which had five nectary-bearing leaves in the rainy season produced on the average four to eight clusters of flowers, each bearing ten to thirty buds. Thus, there was a ten-to fifty-fold increase in the number of extrafloral nectaries on a plant in the dry season. In addition, as indicated, the functional life of pedicellar extrafloral nectaries was much longer than that of petiolar extrafloral nectaries, which increased the difference in total nectar production compared to the rainy season. The sugar and amino acid contents of Ipomoea carnea nectaries are given in Tables 1 and 2 The most important species of ants visiting Ipomoea carnea extrafloral nectaries were: Formicinae: Camponotus abdominalis, C. substitutus, C. brettesi, and C. rectangularis; Myrmicinae: Crematogaster ampla, Monomorium ebininum, Solenopsis geminata, and S. littoralis; Pseudomyrmicinae: Pseudomyrmex gracilis; and Dolichoderinae: Iridomyrmex pruinosum. Ant frequencies varied greatly between surveys. In all three surveys the genera Solenopsis and Camponotus were the most numerous, making up 30.7% and 24.6% of all ants observed. Of the six species in these two genera, only Camponotus brettesi was at all consistent in its frequencycomprising 22.6% of the ants in the first survey, 22.9% in the second, and 43.5% in the third. The other species showed great variation, including absence from the third survey (in which only 191 insects were seen in 1,000 observations). Furthermore, on plants within the low-density area that were consistently covered with ants (Camponotus brettesi and Crematogaster ampla), presumably due to proximity to nest sites, the frequency of robbing, over several days, was 31%, compared to 66% for randomly selected flowers from the same field.
Evidence of ant-guarding-Observations were made consistent with the theory that the activities
Solenopsis geminata were observed to be an effective ant-guard in an unusual situation. S. geminata were foraging at the extrafloral nectaries of a small (1 m) L. carnea plant, which was growing in contact with a small (2 m) tree of Acacia collinsii Stafford which was occupied by Pseudomyrmex ferruginea ants. As described by Janzen (1966 Janzen ( , 1967 P. ferruginea will defend A. collinsii from herbivores and will also kill parts of other plants that come in contact with it. In the Palo Verde study area, I. carnea usually suffered great damage from P. ferruginea attack when it was next to an occupied acacia. In this case, however, the presence of the Solenopsis workers effectively reduced the damage by [Vol. 64 Pseudomyrmex workers. Pseudomyrmex workers crossed onto 1. carnea and attacked it fiercely at the petioles. Whenever a Solenopsis worker appeared, however, Pseudomyrmex that had been attacking the Ipomoea petiole would climb up onto the lamina. If it was actually encountered by a Solenopsis, the latter would become excited, to the point of biting the Pseudomyrmex. This rarely occurred, since the Pseudomyrmex ants almost invariably retreated as soon as a Solenopsis approached. The result was that the Pseudomyrmex ants did little damage. They chewed on the leaf surface, but much less photosynthetic surface was lost than from the usual cutting through of the petiole. Nor were they able to stay on the apical meristem long enough to sever it. In two weeks, there was little damage to the I. carnea visited by Solenopsis geminata except for pieces taken out of the leaf margins, while a similar sized L. carnea on the other side of the same acacia, which was not visited by Solenopsis, lost five leaves and the apical meristem (Fig. 3, 4) . Thus ant-guarding can be effective, even against as se- Aggressive behavior by the ants feeding at Ipomoea carnea extrafloral nectaries was demonstrated in the situation where Solenopsis geminata foragers displaced Pseudomyrmex ferruginea workers attacking I. carnea. Predation on herbivores of the plant was observed in this case for hymenoptera (Polybia occidentalis), but not for ants. Thus, the necessary conditions for antguarding exist at the extrafloral nectaries of Ipomoea carnea and, indeed, protection by antguards has been seen under some conditions. The results of this study are consistent with those of Bentley (1976 Bentley ( , 1977 , who demonstrated ant-guarding at the extrafloral nectaries of Bixa orellana (Bixaceae) and at artificial "extrafloral nectaries" on Phaseolus vulgaris (Leguminosae). Taylor and Inouye (unpubl.) found a significant reduction in seed predation in Helianthella quinquenervis (Compositae) in plants with higher ant densities. Elias and Gelband (1975) observed decreased frequency of flower robbing in Campsis radicans with increased ant activity on the plant. On the other hand, Lukefahr and others (1960, 1965, 1966) found greater damage by pest insects to cotton plants with extrafloral nectaries than to those without, under a range of field conditions. The cause of the differences in results for cotton has not been demonstrated, but it is likely that the explanation lies in the environment-that the agricultural conditions under which cotton is raised are sufficiently different from 4he natural habitats of the other studies to produce a different result. In particular, cultivation methods (plowing, tilling, application of insecticides) may reduce ant populations sufficiently to destroy their effectiveness. In any event, the results of this study support an ant-guard interpretation of the function of extrafloral nectaries in Ipomoea carnea. 
